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ABSTRACT

Simulation model results indicate that short-term charters of
the eastern tropical Pacific tuna purse-seine fleet to survey
dolphin schools can be a very ineffective procedure for deriving
estimates of dolphin school abundance. Simulations were conducted
in which fishing operations were stopped simultaneously for the
entire fleet and replaced by survey procedures for the subsequent
24-hr period. School abundance estimates were generally variable
and positively biased (high), while during the second 12-hour
period, the estimates of school abundance were generally negatively
biased (low) but still variable. The positive bias during the
initial 12-hour period resulted from the concentration of tuna
vessels in areas of high density at the start of the '"survey
period". The negative bias in estimates from the second 12-hour
period resulted from an interaction between the spacing of tuna
vessels relative to areas of dolphin abundance, speed of tuna
vessels, and size of dolphin school patches, such that during this
period tuna vessels tended to have left the original concentrations
of dolphins but not yet entered a new concentration.

More complicated chartering schemes might be more effective,
but in any case, the effectiveness of any scheme will be affected
strongly by the (unknown) true spatial and temporal distribution of
dolphin schools. The fundamental problem with any scheme will be
the initially non-random (but unquantified) distribution of tuna
vessels with respect to the non-random distribution of dolphin
schools.



INTRODUCTION

The U.S. National Marine Fisheries Service (NMFS) is
responsible for managing mortality of dolphins affected by the U.S.
purse-seine fishery for tuna in the eastern tropical Pacific Ocean.
This requires estimates of trends in dolphin abundance. Dolphin
abundance is currently estimated based on sightings data collected
during research surveys conducted by NMFS. An alternative data
source is the tuna fleet itself, as the vessels spend considerable
time at sea searching for and interacting with schools of dolphins.

However, the nature of this interaction is problematic with
respect to estimating dolphin abundance. Tuna vessels actively
search for dolphin schools, and thus spend a disproportionate
amount of time in areas where dolphins are most common, avoiding
and therefore undersampling those areas where dolphins are
relatively scarce. The underlying problem is that the active
search for dolphins by tuna vessels produces non-random
distributions of tuna vessels relative to spatial distributions of
dolphin schools. This is a problem because a fundamental tenet of
line transect analysis - the analytical method most appropriate for
estimating dolphin school abundance - states that sighting
platforms must be distributed randomly with respect to the sighted
objects.

One potential solution to this problem of nonrandom search
producing nonrandom distributions of boats, and thus nonrandom
data, is to have the fleet cease fishing at a given time, to then
assign each vessel in the fleet a random direction of travel, and
then to ask observers on each vessel to collect sightings data as
the vessels travel along their assigned tracks for some specified
period of time. The hope is that data collected during this
charter period will be less biased than data collected during
fishing, when tuna vessels tend to concentrate on areas of high
dolphin density and avoid areas of low density. Testing this
solution with the real fleet would be an expensive and complicated
proposition. Simulation modeling offers a more efficient and less
expensive approach.

We describe here the effects on estimates of dolphin school
abundance, of simulating charters of the entire purse-seine fleet
simultaneously for 24 hours.

METHODS

Model characteristics. We used TOPS (Tuna-vessel Observer Program
Simulator; Kleiber and Edwards 1988) as the simulation environment
for the charter experiment. TOPS simulates the movements of
dolphin schools and tuna vessels in a non-random environment of
area 1200 x 1200 nautical miles squared (1,440,000 n. mi.z).
Dolphin school speed and direction are controlled by school
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reactions to an underlying "environmental topography', producing
non-random spatial distributions of dolphin schools as the schools
congregate in areas of favorable habitat and avoid areas of
unfavorable habitat. Direction and speed of tuna vessels are
controlled by the sighting history of individual vessels. Vessels
slow down and turn more frequently in areas where dolphin sightings
have been frequent, thus vessels congregate in the vicinity of
dolphin schools. Vessels speed up and tend to turn less frequently
when school sightings have been rare, thus vessels spend
disproportionately less time in areas with few dolphin schools.

The major difference between this charter version and earlier
versions of TOPS is that the charter version simulates the
movements of only 30 vessels, rather than the 75 included earlier.
Number of dolphin schools is unchanged from earlier versions,
remaining at 2500 schools. School size is assumed to be constant
in these simulations, and therefore does not contribute to
variations in dolphin abundance among runs. Fewer vessels are
used here to simulate only the U.S. portion of the total
international fleet, as only U.S. vessels can be required directly
by NMFS to carry observers and participate in a charter exercise.

Simulation conditions. A secondary difference between the charter
and earlier versions of TOPS is that the charter version includes
two additional environmental topographies (Figures 2 and 3)
intermediate to those used in earlier simulations (Figures 1 and
4). We tested the effects of chartering the fleet under a total of
5 configurations of environmental topography, where in all cases
the topographies were static throughout the simulation. We did not
include dynamic environments in this set of simulations because the
charter period lasted for only 24 hours, and vessels move at about
15 knots compared to average movements of oceanic features of about
1 knot. The environment moves so much more slowly than the
vessels, and the charter period is so short, that effects of
dynamic environments would go unnoticed.

Environments tested included 1 totally random environment,
which generated totally random distributions of dolphin schools,
plus 4 environments with different combinations of peak slope and
peak number. Peak slopes were gentle or steep, peak number was 4
or 16, ranging from a simple gentle topography with 4 gently
sloping peaks (Figure 1) to a complex steep topography with 16
steeply sloping peaks (Figure 4).

Within each simulation, 30 fishing vessels are introduced at
random positions at time zero. Prior to the charter period, these
vessels spend 600 hours conducting normal fishing activities,
searching for schools and stopping for five hours whenever a school
is encountered. At the beginning of the charter period, each
vessel is assigned a random direction. Starting from this current
position, the vessels travel steadily at 15 knots in the selected
direction for 24 hours, counting the number of dolphin schools
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observed within 2 n mi. of either side of each vessel. In contrast
to the fishing period, during the charter period boat speed is not
affected by sightings of dolphin schools. Each set of simulation
conditions was replicated 6 times.

"Data'" collected. During the entire simulation, records (counts)
were kept of all schools appearing within 2 nm on either side or
ahead of each vessel. Lists of sighted schools were kept to avoid
re-counting schools from one time step to the next. This device is
necessary in the simulation model to prevent the vessels from
"forgetting" that they have seen a nearby school the previous hour
(time-step). Estimates of dolphin school abundance were derived
from these data each hour for the first 600 hours, and then for 2
intervals within the 24-hour charter period; the initial 12 hours
and the final 12 hours of the 24-hour charter period.

Estimates derived. Abundance estimates based on numbers of schools
sighted and track miles accumulated by all thirty vessels were
calculated for each 10 hours of the normal fishing period and for
the first and second 12 hours of the charter period, within each
replicate simulation. Estimates of dolphin school abundance during
any time period were derived from vessel sightings as the total
number of schools observed by all vessels during a given period of
time (hourly for the first 600 hours of simulation, every 12 hours
during the charter period), multiplied by 1.44*105/(4*Tm) where T,
is the total nautical miles (n. mi.) of trackline searched by all
vessels during the period, 1.44%10% is the total area simulated (n.
mi. squared), and 4 (n.mi.) is the effective strip width of the
searched tracks.



RESULTS AND DISCUSSION

Results are not encouraging for this particular design of
fleet charter. Estimates are too high in the beginning of the
charter period, when vessels are still inside patches of dolphin
schools. Estimates are too low later in the charter period, when
vessels have left and not yet re-entered other patches. Estimates
from beginning and ending periods cannot simply be averaged, as the
early and late estimates are not equally spaced above and below the
true abundance of dolphin schools. Specific results are reported
below.

Random environment. Simulations with the random environment showed
that the model was behaving properly (Figure 6). All 4 replicates
varied more or less evenly about the actual dolphin abundance in
the model (2500 schools) throughout the simulation period. As
expected, the estimates, though scattered, tended to agree with
that number, both during the fishing period and during the charter
period.

Nonrandom environments. With dolphins aggregated, the results were
very different (Figures 7-10). When fishing vessels were
introduced at random positions, they first tended to underestimate
true abundance of dolphin schools (for the first 10 to 100 hours,
depending on environmental conditions) but as the vessels
aggregated on patches of high density during the normal fishing
period, the estimates exceeded the true value. The results from
the charter period were highly variable, depending on the details
of the charter arrangement and on the number and tightness of
dolphin aggregations. In all cases tested, the data collected
during the first 12 hours of the charter period greatly over-
estimated dolphin school abundance, while data collected during the
second 12 hours under-estimated abundance.

School abundance estimates (non-random environments). Each set of
replicate school abundance estimates passed through four stages
during each set of nonrandom simulations (Figures 7-10); 1) an
initial period of fishing during which school abundance was
underestimated, 2) the remainder of the fishing period, when school
abundance estimates reached and exceeded true abundance, 3) the
initial 12 hours of the charter period, when school abundance
continued to be overestimated, and 4) the final 12 hours of the
charter period, when school abundance estimates decreased and
generally tended to underestimate true school abundance. -

Understanding the reason for this pattern contributes much to
understanding the effects of nonrandom spatial distributions of
dolphin schools on estimates of school abundance. During the first
period, school abundance was underestimated because the fishing
vessels are not sampling both high and low density areas of dolphin
schools in proportion to the respective areas. The boats,
scattered randomly within the simulation area as the simulation
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begins, over-sampled the low-density areas during this period.

Also during this first period, in areas of high density
vessels traversed relatively fewer trackmiles because they were
stopping so often to process schools. Thus for a given period of
time, the vessels saw fewer schools in the high density areas than
they would have if they hadn't had to stop for processing. This
processing time effect will be relatively unimportant in the low
density areas, simply because the boats will encounter so few
schools there.

As the simulation progressed into the second period, school
abundance estimates rose because the vessels became progressively
more concentrated in the high density areas, to the exclusion of
the low density areas. In this situation, there was a positive
bias because of the high proportion of boats located in high
density areas. This high density overwhelmed the negative bias
caused by processing time.

The increase in this positive bias that occurred during the
third period (the initial 12-hour period of the 'charter'"), again
reflects the interaction between number of boats and number of
trackmiles accumulated per boat. During the charter (periods 3 and
4) the boats stopped processing schools. Thus the boats traversed
more trackmiles and counted more schools than they did during the
preceding period. As the boats tended to be in high density areas
at the beginning of the charter period (Figure 5), the positive
bias increased during period 3 relative to period 2.

The decrease in bias, usually to an underestimate of school
abundance, during period 4 (the second 12 hours of the charter)
occurred because most of the vessels left the patches of high
density but did not re-enter other patches before the end of the
period. Thus most of the trackmiles accrued during this period
occurred in regions of low dolphin density.

Although the qualitative characteristics of school abundance
estimates derived during charters of tuna vessels are easy to
understand (i.e., boats probably will start in high density areas
and overestimate at first, then enter areas of lower density and
begin to underestimate), quantifying those characteristics is not
possible. The periods of over and underestimation depend on the
speed of the vessels relative to the spatial extent and spacing of
the patches, which are unknown.

P ntial effica of alternativ harter hem n n ses.
Although the charter scheme discussed here does not seem to be
particularly effective, other schemes and other uses of the
sightings data hold more promise.

One alternative use of sightings data from chartered tuna
vessels 1is mapping the spatial characteristics of dolphin
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aggregations. Assuming each tuna vessel begins in or near a clump
of dolphins schools, sightings made along each track indicate one
ray or traverse of the clump. Mapping the sightings provides an
(albeit crude) approximation of the spatial distributions extant at
the time of the charter (e.g., Figure 11). However, whether the
original configuration of schools can be derived from these sets of
sightings data will depend on undeterminable factors, such as the
geometric uniformity of the clumps.

An alternative sampling scheme (Cormany‘) would be to select
random cruise tracks within the fishing area, then request fishing
vessels which have ceased fishing for some reason, to survey along
the nearest pre-determined trackline. In theory, this would supply
a more truly random set of sighting transects. However, it is
unlikely that all transects would be equally sampled. Transects
near good fishing areas, or along common routes to and from ports
and canneries, would tend to be over-sampled.

CONCLUSIONS

The 24-hour charter survey following normal fishing operations
does not seem to be an effective method for collecting useful
estimates of dolphin school abundance or trend data. However, such
data might be wuseful for mapping dolphin school spatial
distributions. Surveying pre-determined cruise tracks
opportunistically might provide better estimates, but the method
would probably require some sort of stratification.
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Figure 5. Spatial distribution of dolphin schools and cruise tracks
of tuna vessels. Dots indicate school positions at end
of simulation periocd. Lines indicate vessel tracks for
24 hours prior to charter (wiggly lines) and during the
24 hour charter period (straight 1lines). Arrowheads
indicate position of vessels at end of charter period.

16



*sSTOOUDS 00GZ ST @douepunge

anxy -potaad Inoy-z[ PpuUODSS WOIJ SOJRWTIS® Moys 3JIYbTI uo sauT] ‘poraad ianoy
-21 3ISITJ WOIJ S9JLWIJSD 9ouepuUNge TOOUDS MOUS 3JST UO SSUTT [RIUO0ZTIOY !poapuedxs
sT poTasad J93aeYD I0J OTROS SBUTL *JUSWUOITAUD WOopuex A[1€303 JO SUOT3ITPUOD

Japun suoTleTnUIS 93edTTdel 9 HbUuTanNp S9j3eWI}SO 9OURPUNGE TOOYDS JO BSIANOD SWT]

(sinoy) INIL
009 008 0]037 00€ 00¢ 001 0

SHNOH ¢l pu¢
SHNOH ¢l 1St

0°0 :AHdVYHYD0OdOL

aolddd 4314vHO

*9 8anbtdg

(spuesnoyl) 31 vNILST NOILLYINdOd TOOHDS

17



*@ouepunge TOOUODS ONI3 S93LOTPUT SUTT TeljuozIiioy peajjod -poTaad anoy-zl puoodss
woXJ sajewTIsS® MOUS UPTI uo saurl ‘poraad anoy-zI ISIATI WOAJ So3eWIISS SOoUBpUNgE
Tooyons MOUs 3JST U0 SaUTIT TejuozTaoy !pepuedxs sT potaxad J93aeys I0J 8TeDS SUIL
* (T = ao3euwesed adoTs) adols ST3usb yY3TM (syead p) Aydeabodol STAWLS JO SUOTITPUOD
aapun suoTjeTnurs 23edTTdax 9 Huranp sajewrlsse souepunge Tooyods JO I9SINOD SWIL ‘L 9Inb1d

(s4noy) INIL
009 009 (0]0) 74 00¢€

SHNOH ¢l Pug
SHNOH ¢l 1St

o
—

o
-

G'C ‘AHdVHD0dOL

I
<
~—

(spuesnoyl) 31VINILST NOILLYINdOd TO0OHOS

o
—

doid3dd Y314vHO

18



*@ourRpUNge TOOUDS ISNIJ SO3OTPUT SUTIT Tejuoziaoy ps3jjzod - porasad Inoy-zl puoosss
WOJIJ S93PWTIRSD MoUs JYDLTI uo ssurT ‘poTraad Inoy-zi ISIATI WOIJ S93LWIISD souepunge
TOoOUDS MOUS 23JST U0 SSUTIT [eIUOZTIOY !popuedxs ST poraed I93IpyD I0J STLIS SUWI]
* (g = ao3sweaed adoTs) odols doo3S U3zTm (syead p) Aydeabodoz STAWIS JO SUOTITPUOD
Jopun suoljeTnuis ajeorTdaa 9 buranp sS93RWIISO® SdUkpuUnge Tooyos JO OSIANOD BUTT

(sinoy) gNIL
009 004G o0y 00¢ 00¢ 00} 0
1

SHNOH ¢} pue
SHNOH ¢l 1St

i i i

o
—

i

G°¢ -AHdVHO0dOL

aold3ad "H31"vHO

‘g 2anbtdg

(e0]

o
~—

<
~—

o
—

(spuesnoul) 31 vWILST NOILYINdOd TOOHDS

19



*IourpuUnge TOOYDS oNaj] S93RDTPUT SUTT [RIUCZTIOY pajzjod -porxad anoy-zl puodas
WOoIF S9JRWIISS MOYUsS JYDTa uo saull ‘poraad anoy-zl 3ISATI WOIJ SI9JLWIISD 2douepunge
Tooyos Mmoys 3J@T UO SSBUTT TejuozTioy !popuedxs ST poraad Jojaeyod JI0J STeDS SUWIL
* (1 = x932uweaed adoTs) adoTs ST3uab yYatm (syead ) Aydeabodoy XSTAWOD JO SUOTFITPUOD

J9pun suoTjeTnuIs ojedoTrTdex 9 HUTaInp S93LWTISS aduUepuUnge TOOUDS JO ISANOD SWIL 6 2aAnb1g

(sinoy) I L
009 009 (010} 74 00¢ 002 00} 0

SHNOH 2} Pug I ] l Hl

SHNOH ¢l 1St

AO0Id3d H31HVHO

I 1 1 1 1 1 o

-...n..'
<(

T I
(g Al

1
H
t
1
ti 1
1
— 1
\‘
= = !
ﬁi!.‘ :
—= !
— ]
1
. 1
=
s
== .
—
.gjzag.-.'
—"—"/’ :
; ]
T — :
= .
S=_=
‘—-—_":.
._‘*\ :
) P
,_4)—»
N !
< S 1
|}
N X
=
-
==
=
=
T
<

Y :AHdVYHOO0dOL - <

(spuesnoyl) 31VYNILST NOILYINdOd TOOHOS

20



SUTT Te3UOZTIOY pPa33od

‘@ouepuUnge TOOYOS 9NJI3 S93ROTpPUT

‘poraad Inoy-zl puUOOSS WOIJ S93RWTIJSO MOUS 3JUBTI

uo soull ‘poriad anoy-zl 3SITI WOIJ SO3LWTISO doURPUNge TOOYDS MOYS IS UO

SeuT TejuozIaoy !pspuedxe sT porasd I93Ieyo I0J OTROS oUT]

* (g = aeo3zoueged

odoTs) odoTrs TSS3S UY3TM (syeed %) Aydeabodoz RSTAWOOD JO SUOTITPUOD I8pun
suoTjeTnurs 93edTTdax 9 buranp sojewWT}S® SdoUPPUNgR TOOYDS JO SSINOD SWTL]

009 00S
1 1

(sinoy) INIL
00¢€

SHNOH ¢ pug l

SHNOH ¢l 1St

GV -AHdVHODO0dO.L

A0old3d H314VHO

‘0T 2anbT4g
0 o
@)
I
¢ 0
O
-
174 ©
O
U
° ¢
=
g8 O
pd
0
oL 4
=
cl -
m
=
o
)
9 8§
Q.
2
81l

21



Figure 11. Positions of schools sighted by tuna vessels during
24-hour charter period.
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